signaling via the B-cell antigen receptor (BCR) regulates cellular dynamics in B cells, in a similar way to signaling via the T-cell receptor (TCR) in T lymphocytes.
response to an increase of intracellular Ca2+ influx by the cooperation between inositol trisphosphate receptor on the endoplasmic reticulum and the calcium-release-activated Ca2+ channels on cellular membranes1,4,9,13 Moreover, how Ca2+ signaling pathways in B cells are associated with their cellular dynamics has not been fully elucidated. On the basis of previous studies involving T cell receptormediated Ca2+ signaling14,15, calcineurin and nuclear factor of activated T cell (NFAT) are considered to be two of the most important BCR-mediated Ca2+ signaling molecules. It is well known that calcineurin, a Ca2+/calmodulin-dependent serine/threonine protein phosphatase 2B, induces an IL-2 expression. at room temperature (RT), and then primary antibodies were applied at the proper concentrations for 1h at RT after washing with 0.1M Tris-HCl (pH7.5) containing 0.1% Tween 20 (washing buffer).
After washing three times with the washing buffer, secondary antibodies were added to the specimens and incubated for 1h at RT. The specimens were examined with a conventional immunofluorescence microscope or a confocal laser-scanning microscope (Carl Zeiss, Oberkochen, Germany).
Enzyme immunohistochemistry
Enzyme immunohistochemistry was performed by a conventional indirect staining method. Formalin-fixed and paraffin-embedded sections were deparaffinized in xylene, rehydrated through ethanol gradient and phosphate buffered saline (PBS). After deparaffinization, followed by rinsing in PBS for 5 min, heat-mediated antigen retrieval was performed by boiling the slides in 10mM citrate buffer, pH6. 4, in a microwave oven for 10min at 600W. Endogenous peroxidase was blocked by incubation in 3% H2O2 for 20min.
After washing in PBS, the slides were first incubated with goat serum for 10 The primers used for cloning the cDNA were: Forward primer, 5'-CGC GGA TCC ATG GGA AAT GAG GCA (with an added Bam HIsite)-3'; reverse primer, 5'-CGC GAA TTC TCA CAC ATC TAC CAC-3'(with an added Eco RI site). The amplified fragment was subcloned into pBlueScript SK+ (Stratagene, La Jolla, CA, USA) to generate the anti-sense RNA probe and the sense RNA probe for a control hybridization.
RESULTS

Demonstration
of intracellular Ca2+ influx and apoptotic cells in the germinal center Expression of an immunoglobulin subtype, IgM, was detected in both the follicular mantle (MZ) and the germinal center (GC) of human tonsils by immunohistochemistry using an anti-human IgM polyAb (Fig. 1a) . The double immunofluorescence prominent on large centroblast-like B lymphocytes in the germinal centers than in B cells in the mantle zone, which were also positive for IgM (Fig. 1b) .
even in individual B cells in the germinal center (Fig. 1b, inset), although these cells coexpressed lular Ca2+ dynamics, anti-phospho-EF2 antibody was applied to the tonsillar tissues. EF2 is a specific substrate for calcium/calmodulin-dependent kinase (CaM kinase) III, which is phosphorylated by an active form of the latter29,30 Therefore, the strong expression of phospho-EF2 in cells indirectly indicates pronounced increase of intracellular Ca2+ influx, which triggers activation of CaM kinase III. Immunofluorescence using both anti-phopho-EF2 Ab and anti-IgM Ab revealed that germinal centers were double-positive for these markers (yellowcolored areas in Fig. 1c) , which suggested strong Ca2+ influx into these germinal center B cells. Apoptotic cells in germinal centers were also examined by employing anti-PARP as an apoptotic marker.
As shown in the figure, many PARPpositive B cells were observed in the germinal center with a scattered distribution, and they showed shrinkage morphologically (Fig. 1d) . The observations described above were consistent throughout all five samples of the tonsillar tissues derived from different patients.
Expression
of calcineurin (calcium/ ca lmodulin-dependent serine/threonine protein phosphatase 2B) in germinal center B cells.
We further investigated the expression of calcineurin (calcium/calmodulin-dependent serine/ threonine protein phosphatase 2B) in the germinal center. To function as a protein phosphatase, calcineurin requires the coexpression of both catalytic subunit (CnA) and regulatory subunit (CnB). Calcineurin forms a complex comprised of both subunits in vivo when it becomes fully active16. As shown in figure le, germinal center B cells abundantly expressed the catalytic subunit (CnA). On the other hand, mRNA in situ hybridization demonstrated the strong expression of mRNA of the regulatory subunit (CnB) in the germinal center (Fig. 1f) . These results indirectly indicate the expression of calcineurin in the germinal center, where calcineurin forms a complex of both subunits. Expression signaling via BCR, which regulates cellular dynamics of B cells in the germinal center. The following elements led to this conclusion. First, enhanced expression of phospho-EF2 in the germinal center indicates that an increase of intracellular Ca2+ influx takes place there. Second, germinal center B cells showed constitutive expression of calcineurin, a specific activator of NFAT, whose activity is known to be dependent upon the increase of intracellular Ca2+ concentration. Moreover, coexpression of the two calcineurin subunits, CnA and CnB, indicates that calcineurin may form a functional complex composed of these two subunits. Third, a T-cell transcription factor, NFAT, was significantly expressed in germinal center B cells, and its activated state was observed in some of these B cells. NFATc2 was expressed primarily in the germinal center including centroblastic B cells, and in some of these cells, nuclear-imported NFATc2 was detected with a confocal laser microscope. Interestingly, a death-effector molecule, TR3, was coincidentally expressed in the germinal center. Recently, it has been reported that TR3 is specifically recruited by the activated NFATc2 via BCR cross-linking in Burkitt lymphoma cells, as well as in T cells via TCR-mediated signaling3z-34 Therefore, TR3 may be recruited by NFATc2 in germinal center B cell and may be one of the candidates for apoptosis inducers, which function in clonal selection of B cells in the germinal center. Additionally, the distribution of NFATc1-positive B cells was different from that of NFATc2-positive B cells in the germinal center, implying that these subtypes of NFAT molecules function differently in the germinal center. Although the Ca2+ signaling and the mechanisms of clonal selection in the germinal center upon antigen stimulation have not been fully elucidated yet1,2,4, these findings do suggest the biological importance of the Ca2+-mobilizing molecules, calcineurin and NFATc2 in the regulation of the cellular dynamics, especially in negative selection of B cell-clones by apoptosis at the germinal center.
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